Introduction
Functional magnetic resonance imaging (fMRI) has proved to be a useful tool for the noninvasive investigation of sensory, motor and cognitive processing in the human brain. The use of fMRI in the study of brain dysfunction associated with dementia and other neurological and psychiatric diseases has led to an increased number of fMRI examinations in elderly subjects [1] [2] [3] . For this reason, it is critical to understand how normal aging may influence fMRI results.
Therefore, visual processing pathways, especially face recognition tasks, have been studied extensively during the past few years in healthy young subjects. Neurophysiological recordings have provided evidence for the existence of localized brain areas related to facial perception and recognition [4, 5] . Understanding how the human brain perceives and recognizes faces has become one of the most exciting and debated areas of research in cognitive neuroscience [6, 7] . Pursuing this general goal, neuroimaging studies using fMRI have localized a set of brain areas in the human visual extrastriate cortex that respond more during the presentation of faces than to other object categories. These areas were located mainly in the middle lateral fusiform gyrus (the fusiform face area FFA, BA 37) [8] , and in the inferior occipital gyrus (occipital face area OFA, BA 19) [9] , with a right hemispheric predominance. These areas help in the perception and discrimination of faces. This includes the discrimination between faces and other objects (face detecting) or the discrimination between different faces. Further, they also contribute to presemantic face recognition, i.e. the discrimination between a previously seen and a novel face.
In contrast to object-based visual processing, PET studies described separate neuroanatomical locations corresponding to spatial visual processing [10, 11] . These results demonstrated the existence of dissociable regions of the human visual extrastriate cortex. The spatial location tasks activated a distinct region within the lateral superior parietal cortex.
The previously reported results obtained with the healthy controls demonstrated that the activation pattern for the face-and location-matching task differentially activated the ventral and dorsal pathways of the visual system, respectively. Comparison between the face-and location-matching tasks found regions in the visual system that modulate their activation depending if the task was to attend to face perception or to attend to spatial location of the objects. Thus, in the face-matching task, there was greater activation in the parvocellular dominated ventral pathway (occipitotemporal). Conversely, the locationmatching task produced greater activation bilaterally in the parietal lobes, which was along the magnocellular dominated dorsal pathway (occipitoparietal) [10] [11] [12] . For example, Corbetta et al. [13, 14] showed that regions processing either shape, color or velocity were selectively activated when attending to that aspect of a visual array. Similarly, Haxby et al. [12] found selective activation along the ventral and dorsal pathways when attending to face or location properties of the stimuli, respectively.
Most of the previous studies included young and healthy subjects. In the past, age-related changes in cortical blood flow activation during visual processing of faces and locations were investigated with a PET study [12] . fMRI as an alternative method for imaging of cognitive functions uses the blood oxygenation level-dependent (BOLD) contrast, which reflects both cerebral blood flow and oxygen extraction evoked by neuronal stimulation [13] .
Therefore, we presume that any age-related change in brain anatomy, neuronal density, vasculature, metabolism, or neuronal responsitivity would influence the activation patterns detected with fMRI.
Thus, to investigate the age-dependent effects of visual function along both visual pathways, we developed two visual processing paradigms that activated preferentially either the ventral or dorsal pathway of the visual system in young or elderly healthy subjects. The hypothesis was that in elderly individuals compensatory processes would selectively involve one of the named visual pathways.
Materials and Methods

Subjects
The study included 34 healthy right-handed volunteers. The handiness was an important inclusion criterion to ensure the lateralization. The subjects were divided into two groups: 15 young subjects (9 females/6 males) with a mean age 8 standard deviation of 28 8 9 years and 19 elderly subjects (11 female/8 males) with a mean age 8 standard deviation of 71 8 6 years. The subjects were screened for conditions which precluded MRI scanning (e.g. pace maker, metals in body, pregnancy, claustrophobia) and for a history of neurological or psychiatric disease. The eyesight of the subjects was normal or corrected to normal. All subjects gave their written informed consent for the procedure. The Ethics Committee of the Medical Faculty of the Ludwig-Maximilian University approved the study.
Paradigm
Stimuli were generated by a DOS-based computer using the software VAAP and were projected with an LCD video projector (NEC) onto a translucent screen placed at the feet of the subject. The subject was able to see the screen by the use of a mirror system. The subjects had a response button in their right hand. The performance was documented as accuracy and reaction time. For the face-matching task, each item consisted of two simultaneously presented stimuli. An illustration is shown in figure 1 . The subjects indicated whether the two displayed faces were identical by pressing the response button. For the location-matching task, the sub-jects had to press the button when two simultaneously displayed objects (nonsense scrambled faces) had an identical position within two boxes presented on the screen ( fig. 2 ). The sensomotoric control task consisted of stimuli with similar visual complexity as the face-matching task. The subjects had to press the button whenever a nonsense scrambled face appeared on the screen ( fig. 3 ) . The subjects were pretrained on the tasks before scanning.
For all tasks, each stimulus was presented on the screen for 2.8 s with an interstimulus interval of 0.318 s. Each run consisted of 7 blocks alternating between control condition (4 blocks) and activation (3 blocks). Eight stimuli were presented per block. Each run included 69 frames with an interval of 3.6 s resulting in a total duration of 4.14 min. A centered red fixation cross was presented for 14.4 s (4 frames) at the beginning and for 7.2 s (2 frames) at the end of each run. Before each block, a written instruction appeared for 7.2 s (2 frames). Each block had a duration of 25.2 s (7 frames). Each experiment started with the control condition.
Imaging Procedure
Imaging was performed with a 1.5-tesla MR scanner (Magnetom Vision, Siemens, Germany) using a standard head coil. Head movement was restricted by a vacuum positioning pillow and foam pads. The functional sequence was an interleaved T 2 * -weighted echoplanar sequence with 28 axial slices (TE = 60 ms, TR = 3.6 s, flip angle = 90°, slice thickness = 4 mm, gap = 1 mm, matrix = 64 ! 64, pixel size 3.75 ! 3.75 mm). In addition, we acquired structural images using a 3-dimensional magnetization prepared rapid gradient echo (MPRAGE) sequence in sagittal orientation (TE = 4. 
Statistical Analysis
The data were analyzed using FSL (FMRIB Software Library available at www.Fmrib.oc.ac.uk/fsl) and AFNI (available at www. afni.nimh.nih.gov/afni/).
The initial step was to delete the first 4 volumes to eliminate the initial T 1 magnetic transients. The remaining data were corrected for timing differences between each slice using Fourier interpolation. Possible head movements between the volumes were corrected by aligning all volumes to a reference in the center of the run using automated image registration software (6-parameter rigid body) included in the FSL software package. The data were smoothed with a low-pass Gaussian filter (FWHM of 8 mm) and high pass filtered with a cutoff of 1/100 Hz.
Each run was analyzed using a fixed-effect general linear model. The model was composed of a regressor indicating the task of interest, a regressor for the instructions, the time derivatives of the two previous regressors and regressors for motion during the run. All models were convolved with a canonical hemodynamic response function. The statistical results were normalized to the Montreal Neurological Institute/International Consortium for Brain Mapping (MNI/ICBM) standard template. The location of the activation in the brain was done with reference to Talairach and Tournoux template. To convert the MNI/ICBM coordinates to the Talairach and Tournoux coordinates, we utilized a nonlinear transformation developed by M. Brett for transforming coordinate location between both stereotaxic spaces (http://www.mrc-cbu.cam.ac.uk/Imaging/mnispace.html).
The group statistical analyses were based on a random effects model with a voxel-wise threshold of Z = 2.33 (p ! 0.01) and each cluster was corrected for multiple comparisons at the p ! 0.05 level. The structural images were edited of the non-brain tissue using a brain extraction tool (BET). The EPI images were coregistered to the axial 28-slice T 1 scan with a 7-parameter rigid body model. Then the T 1 -weighted scan was registered to the MPRAGE sequence, and the MPRAGE images were registered to the MNI/ ICBM standard template (12 parameters).
Results
Behavioral Performance
The mean reaction times and the response accuracies of the age-related groups were evaluated for both paradigms. In the face-matching task, the mean reaction time of the younger subjects was 1.1 s (range: 0.32 s) versus 1.5 s (range: 0.45 s) in the group of elderly subjects. In the location-matching task, the mean reaction time of the younger volunteers was 1.0 s (range: 0.36 s) versus 1.4 s (range: 0.40 s) in the elderly subjects. Considering both paradigms, the differences of the reaction times were not statistically significant between the age-related groups (appropriate t test, p 1 0.005). The mean response accuracy in face-matching of the younger subjects was 93.1% (range: 7%) and of the elderly subjects 92.9% (range: 12%). In location matching, the young subjects responded in 94.1% of the cases (range: 10%) correctly, the elderly persons in 94.9% (range: 9.8%). The response accuracies were not significantly different between the groups.
Activation Patterns Face-Matching Task
The mean activation patterns during face matching of the young and elderly group are illustrated in figures 4 and 5 (Z 1 4.0).
Corresponding Activation Patterns in Young and
Elderly Individuals Using the Face-Matching Task Both elderly and young subjects presented predominantly right-sided activations. During face matching, both groups showed activated areas in the right as well as in the left occipital lobe. Activations were detected in the inferior and middle occipital gyrus, in the fusiform gyrus and in the lingual gyrus. In the parietal lobes, both groups had bilateral activations particularly in the inferior parietal lobulus.
In the temporal lobes, we found right-hemispheric activations in young and elderly subjects.
Differences between Young and Elderly Individuals in the Face-Matching Task Elderly individuals had significantly higher peaks of activation in the left and right fusiform gyrus as well as in the left lingual gyrus. Elderly subjects presented additional significant activations in the left temporal lobe (medial temporal gyrus; inferior temporal gyrus and parahippocampal gyrus). The elderly subjects had a small increase of signal intensities in the left postcentral gyrus and the left inferior parietal lobulus. Elderly individuals presented additional signal intensity increases in the left cerebellum and in parts of the left basal ganglia. Regarding the frontal lobes, young individuals demonstrated unilateral activation of right-hemispheric medial and inferior frontal gyrus. In elderly subjects, we found bilateral activation in the medial and inferior frontal gyrus.
The differences of the mean activation patterns during face matching between the young and elderly group (contrast: elderly -young) are illustrated in figure 6 . Table 1 shows the peaks of significantly higher activations (Z 1 4.5) in elderly than in young subjects during the facematching task. In contrast, young subjects demonstrated no additional activations compared with elderly individuals. There was no significant difference in the respective group analysis (contrast: young -elderly).
Location-Matching Task
The mean activation patterns during location matching of the young and elderly groups are illustrated in figures 7 and 8 . The main activation peaks (Z 1 4) with their respective coordinates in the Talairach and Tournoux coordinate system and Brodmann areas are shown in tables 2 and 3 .
Corresponding Activation Patterns in Young and Elderly Individuals Using the Location-Matching Task The local maxima of activation during the locationmatching task in young and elderly healthy individuals were located mainly in the parietal lobus. Activation was detected bilaterally in the inferior parietal lobulus with predominance of the right hemisphere. Further activations were found in the right frontal lobe. In both groups, the local maxima of activation were noted in the right inferior and middle frontal gyrus. Both groups also demonstrated bilateral activations in the occipital lobes, especially in the inferior and medial occipital gyrus, in the precuneus, cuneus and the fusiform gyrus.
Both age-dependent groups showed bilateral activations in the cerebellum.
Differences between Young and Elderly Individuals in the Location-Matching Task Only minor activation was found in the right medial and inferior temporal gyrus as well as in the hippocampus in young subjects. The differences of the mean activation patterns (contrasts: young -elderly; elderlyyoung) were analyzed, but there were no statistically significant differences between both age groups in the location-matching task.
Discussion
Much of the understanding of the primate extrastriate cortex has come from combined anatomical, physiological, and behavioral studies of the monkey brain. The functional dissociation of human extrastriate cortical processing streams for the perception of face identification and location was investigated in 1994 by Haxby et al. [12] using rCBF in a PET study. They demonstrated that face matching was associated with selective rCBF in- creases in the fusiform gyrus, in the occipital and occipitotemporal cortex bilaterally and in a right prefrontal area in the inferior frontal gyrus. Location matching was associated with selective rCBF increases in the dorsal occipital, superior parietal, and intraparietal sulcus cortex bilaterally [14] . Imaging studies in visual attention have shown that healthy control subjects attending to visuospatial information activated the occipitoparietal path of the visual system while in a visual recognition task they activated the occipitotemporal path of the visual systems [10, [14] [15] [16] ] .
We could demonstrate that young and elderly healthy subjects showed activation in the occipitotemporal as well as in the occipitoparietal pathways for the face-and location-matching tasks, respectively. Thus, in the facematching task, there was a predominance of activation in the occipitotemporal pathway. The location-matching task, on the other hand, led to predominant activations in the occipitoparietal pathway. The results obtained are consistent with the results of Corbetta et al. [17] and Shulman et al. [18] , as well as with the results of Haxby et al. [10, 12] . They showed that selective attention to a specific aspect of a stimulus will selectively increase activation for the network that processes that specific type of information. In 1991, Corbetta et al. [17] reported that regions processing either shape, color or velocity are selectively activated when attending to that aspect of a visual array. Similarly, Haxby et al. [10, 12] found selective activation along the ventral and dorsal pathways when attending to object or location properties of the stimuli, respectively. Thus, the present tasks selectively activate the ventral and dorsal pathways of the visual system [10, 14, 17, 18] .
Differences in Activation Patterns of Young versus Elderly Subjects
Age-related changes have been reported in the cerebral vasculature. Anatomical studies demonstrated thickening of the vascular basement membrane and thinning the endothelium in elderly individuals [19] . Less well established are the effects of aging upon cerebral blood flow and metabolism: some authors reported age-related declines of cerebral blood flow [20] . Some studies using FDG-PET suggested that age-related changes in resting brain metabolism may differ across brain regions with significant changes occurring in frontal and visual cortex [21] . Functional PET studies demonstrated widespread age-related changes in the activation patterns evoked by cognitive challenges [22] [23] [24] . Few studies, however, have investigated the effects of aging upon fMRI-derived measurements. Taoka et al. [24, 25] measured the temporal characteristics of fMRI activation in motor cortex during a hand-squeezing task. Using a regression technique across a wide range of subject ages (20-76 years), they found that there were age-related changes in the risetime of the fMRI signal. This slowing of signal rise in elderly subjects was attributed to vascular effects, including stiffening of the arterial wall. Age-related differences have also been reported for a pho- tic stimulation task using fMRI, such that signal amplitude was decreased in elderly subjects, but the spatial extent of activation did not differ from that of young subjects [26] . D'Esposito et al. [26] investigated the characteristics of the fMRI-derived hemodynamic response (HDR) evoked in a motor task in groups of young and elderly subjects. Young subjects exhibited higher signal-to-noise ratios than did elderly subjects. However, there were no significant differences between the groups in either the shape or within-group variability of the HDR. These results suggest that fMRI imaging analyses can be profitably conducted on elderly subjects [27] .
Face-Matching Task
In the present study, young and elderly individuals showed a similar activation pattern of the occipitotemporal pathway. However, additional local activation could be found in elderly subjects in the left temporal lobe, in the inferior, middle and superior frontal gyrus, as well as in the anterior cingulate. Elderly subjects presented bilateral frontal and temporal activation in contrast to the young subjects who demonstrated unilateral right-hemispheric activation in the named regions.
Location-Matching Task
In the location-matching task, main activations were located in the occipitoparietal pathway and in the right prefrontal cortex. We found no significant differences between both age groups. In the present study, both tasks were set up with a relatively low difficulty level. Therefore, the behavioral performance was not significantly different in young and in elderly subjects.
We used very easy tasks which should enable the patients to perform the tasks comparably to the healthy subjects.
Only the face-matching task induced a recruitment of additional brain regions in elderly subjects in comparison to the young individuals. One cause could be that the complexity of the face-matching task may be more extensive than the complexity of the location-matching task. If the task difficulty will be the reason, we have to discuss whether the ventral visual pathways could be more sensitive for age-dependent degeneration processes leading to earlier compensation mechanisms than the dorsal visual pathways. To better understand the changes occurring within the visual cortex, expanding this study by investigating the increases in task difficulty may further illuminate how the compensatory process changes.
The present results using the visual function tasks suggest that even when behavioral performance between groups does not differ, the neural systems that support performance may not be the same. The differences in activation pattern using the face-matching task that we found may happen when the optimal or ideal network (as defined by the young subjects) is compromised by age.
It is well known that the brain hemispheres are anatomically and functionally asymmetric. There is evidence that these asymmetries are affected by conditions that alter the anatomical and functional integrity of the brain, such as brain damage and aging. Two models have recently been discussed: (a) the right hemi-aging model and (b) the hemispheric asymmetry reduction in old adults (HAROLD) model. The right hemi-aging hypothesis states that age-related cognitive declines affect functions attributed to the right hemisphere to a greater degree than those associated with the left hemisphere. As mentioned earlier, the HAROLD model states that, under similar conditions, prefrontal cortex activity tends to be less lateralized in older adults than in younger adults. The hypotheses are based on several neurofunctional imaging studies across such domains as perception, episodic, semantic, and working memory, but do not take into account structural changes [28, 29] .
On the other hand, in a PET study on face encoding [31] , age-related asymmetry reductions were found not only in the prefrontal cortex but also in temporal and parietal regions. Also, in a PET study on face perception [31] , positive correlations between temporoparietal activity and memory performance were found in the left hemisphere for young adults but bilaterally for old adults. During a source memory task, young adults and low-performing older adults recruited similar right prefrontal cortex regions, whereas high-performing older adults engaged prefrontal cortex regions bilaterally. The results of Cabeza et al. [30] suggest that low-performing older adults recruit a similar network of brain regions as young adults but use them inefficiently, whereas high-performing older adults counteract age-related neural decline by reorganizing brain functions [31] . The behavioral data in our groups were not significantly different. We saw no statistically relevant range of the behavioral data within the groups.
If age-related asymmetry reductions have a neural origin, then a good understanding of the neural mechanisms underlying these reductions may eventually lead to the development of drugs and other therapies.
In summary, we support the hypothesis of Cabeza et al. [31] , who reported of task-independent and task-specific age effects recently. Their results showed that older adults demonstrated weaker occipital activity and stronger prefrontal and parietal activity than younger adults during working memory and visual attention tasks. They found bilateral activations, especially prefrontal and parietal, correlating with an increased age of the subjects.
Conclusion
The difference in activation pattern using the facematching task that we found may happen when the optimal or ideal network (as defined by the young subjects) is compromised by age more than the activation pattern using the location-matching task.
